ABSTRACT. A 4-year-2-month-old female Japanese domestic cat was diagnosed with lymphangiosarcoma through tissue biopsy of an amputated leg. Two months later, the cat was euthanized, and postmortem findings revealed edema, and bruising at the caudal region of the trunk, pulmonary hemorrhage, pulmonary nodules and mediastinal lymphadenopathy. Microscopically, neoplastic tissues were observed in the dermis and subcutis of the trunk, lung, mediastinal lymph nodes, diaphragm, omentum and mesentery. The tumor cells were spindle to polygonal-shaped with nuclear pleomorphism aligning along pre-existing collagen bundles and forming irregular vascular channels in which the erythrocytes were rarely observed. These cells were immunopositive for vimentin, von Willebrand factor and CD31. Based on the histopathological and immunohistochemical features, the neoplasia was diagnosed as lymphangiosarcoma with systemic metastases.
Lymphangiosarcoma is an extremely rare malignant tumor in humans and domestic animals. This tumor arises from the lymphatic endothelial cells of the lymph vessel and occurs in any part of the body [4, 5, 7, 12, 16, 20] . In humans, most cases of lymphangiosarcoma are associated with secondary chronic lymphedema, particularly in women who have been treated for breast cancer with radical mastectomy together with axillary lymph node dissection. The clinical phenomenon is known as "Stewart-Treves syndrome" [3, 11, 13, 18] . Most cases of lymphangiosarcoma in domestic animals have been described in dogs and cats [2, 4, 7, 10, 12, 13, 20, 21, [23] [24] [25] . However, those in horses and cattle have also been reported [8, 9, 14, 15, 17] . In cats, lymphangiosarcoma is notably observed in the subcutaneous tissue of the limbs, ventral abdomen and caudal mammary regions [6, 7, 12, 20, 21] . To our knowledge, there has been only one feline case with distant metastases of lymphangiosarcoma [7] . In the present report, we describe clinical, macroscopic, microscopic and immunohistochemical features of a case of feline lymphangiosarcoma with systemic metastases in a Japanese domestic cat.
A 4-year-2-month-old female Japanese domestic cat was presented to the Veterinary Medical Center, The University of Tokyo, with a history of hemorrhagic discharge at the left hindlimb and non-weight bearing. The results of a radiographic examination revealed an osteolytic lesion together with swelling of surrounding tissues throughout the affected leg, particularly at the calcaneus (Fig. 1a) . During the period of medical treatment, the cat presented with open fracture of the same leg, and then, limb amputation was consequently performed. Tissue biopsy samples from the affected leg were taken, fixed in 10% neutral buffered formalin solution and then subjected to a histopathological examination. Microscopically, neoplastic foci consisting of proliferative spindle-shaped cells invading the adjacent muscle fibers were observed. Their nuclei were ovoid to elongate-shaped with prominent nucleoli. The tumor cells formed irregular vascular channels in which erythrocytes were rarely observed. Furthermore, lymphocytic infiltration to the adjacent tissues was noted (Fig. 1b) . The lesion was diagnosed as lymphangiosarcoma. The tumor cell invasion was not detected in bone tissue. However, numerous inflammatory cells including neutrophils, macrophages and lymphocytes were notably observed within medullary cavity of the tibia, particularly in the fracture site. Two months after the surgical excision, the cat presented again with hemorrhage and lymphedema at the abdominal wall and right hindlimb. A hematological examination revealed anemia (pack cell volume 20.8%), macrocytosis (mean corpuscular volume 74.0 fl), hypochromasia (mean corpuscular hemoglobin concentration 27.9 g/ dl) and leukocytosis (43,000/µl). A serum biochemistry examination showed hypokalemia (3.6 mEq/l), hypochloremia (111 mEq/l) and low blood urea nitrogen (9.2 mg/dl). The clinical condition of the cat progressively deteriorated. The owner requested euthanization of the cat, and post-mortem examination was subsequently performed. Gross examination revealed diffuse edema with bruising in the subcutaneous tissue of the abdomen and right hindlimb ( Fig. 2a and 2b) . A large quantity of serosanguineous fluid in the thoracic as well as abdominal cavity was observed. Nodules (approximately 1 mm in diameter) and hemorrhagic areas were scattered in the lung. Furthermore, mild enlargement of the mediastinal lymph nodes was also observed. In the abdominal cavity, lymphangiectasis was observed in the omentum and mesentery.
The tissues including skin in the affected area, omentum, mesentery, lung, mediastinal lymph nodes and diaphragm were fixed in 10% neutral buffered formalin solution and routinely embedded in paraffin. Paraffin sections, 2 to 4 µm thick, were stained with hematoxylin and eosin (HE). An immunohistochemical examination was performed using mouse monoclonal antibodies against vimentin (1:200, DAKO Japan, Tokyo, Japan), cytokeratin (clone AE1/AE3, 1:50, DAKO Japan), CD31 (1:50, DAKO Japan) and Ki-67 (ready-to-use, DAKO Japan) and rabbit polyclonal antibody against von Willebrand factor (vWF, 1:500, DAKO Japan). Tissue sections for the detection of vimentin, cytokeratin, CD31 and Ki-67 were autoclaved at 121°C for 10 min for antigen retrieval. Those for the detection of vWF were incubated with proteinase K at room temperature for 15 min for antigen retrieval. Blocking of non-specific reactions was conducted by treatment with 10% hydrogen peroxide (H 2 O 2 ) and methanol at room temperature for 5 min and then with 8% skimmed milk in Tris-buffered saline (TBS). The primary antibodies were applied at 4°C overnight. After rinsing with TBS, the sections were incubated with the Envision + System-HRP Labeled Polymer reagent (DAKO Japan) at 37°C for 40 min and rinsed with TBS prior to treatment with 3-3′-diaminobenzidine solution containing 0.03% H 2 O 2 . All sections were then counterstained with hematoxylin.
Poorly differentiated tumor cells were invading the dermis and subcutis in the ventral abdomen and right hindlimb. The tumor cells were characterized by spindle-shaped eosinophilic to amphophilic cytoplasm with an indistinct border. Their nuclei were concentric and ovoid to elongate-shaped with prominent nucleoli. The tumor cells were aligned along pre-existing collagen bundles and formed irregular vascular channels in which erythrocytes were rarely observed ( Fig. 3a and 3b) . Mitotic figures were rarely observed. In addition, small numbers of lymphocytes and plasma cells infiltrating the adjacent tissues as well as necrotic and/or hemorrhagic areas were noted. Neoplastic foci were also found in the omentum, mesentery, lung, mediastinal lymph nodes and diaphragm (Fig. 3c-3f) . Furthermore, solid growth pattern of the tumor cells was also observed, particularly in the lung and mediastinal lymph nodes. However, vascular clefts were observed in few areas. Tumor cells were also noted within normal blood vessels in the lung.
Immunohistochemical examinations revealed that the tumor cells were positive for vimentin, vWF and CD31, though they were negative for cytokeratin AE1/AE3 (Fig. 3g-3i) . The proliferative index, namely the percentage of Ki-67-positive cells in five high-power fields (approximately 1,000 tumor cells) [17, 20] , was 43.35%.
On the basis of all findings obtained in the present study, a diagnosis of lymphangiosarcoma with systemic metastasis was made. To date, several studies have described a plausible explanation regarding the etiology of lymphangiosarcoma associated with lymphedema. The condition is characterized by the accumulation of protein-rich fluid within the interstitial tissues resulting from impaired lymphatic drainage [1, 22, 24] . The causes of lymphedema include infection, trauma, foreign body, filarial infestation, arteriovenous fistula and radiation therapy [1, 20, 25] . In humans, chronic lymphedema has been absolutely ascribed as an important factor that results in the induction of lymphangiosarcoma. In domestic animals, similarly, prolonged lymphedema can be a cause of lymphangiosarcoma [14] . Moreover, there are a few case reports demonstrating lymphangiosarcoma in dogs caused by primary lymphedema induced by lymphatic dysplasia [24, 25] .
A diagnosis of lymphangiosarcoma is commonly based on the history, clinical signs, histopathological lesions and biological behavior of the tumor [7, 8, 12, 17] . In the present case, the tumor cells showed moderate pleomorphism and high percentage of Ki-67 positivity, consistent with the characterization of malignant cells. The positive reactions of neoplastic cells to vimentin, vWF and CD31 suggest their endothelial origin [5, 12, 19] . However, in the present case, normal vascular endothelial cells were also positive for these antigens. To discriminate a tumor arising from lymphatic vessels from that arising from blood vessels, the absence of erythrocytes within the neoplastic channel, alignment of the tumor cells and infiltration of lymphocytes in the stroma should be considered [2, 6, 8, 12-14, 17, 23] .
To our knowledge, there are few studies illustrating metastatic lymphangiosarcoma in a dog [2] or a horse [17] . Hinrich et al. [7] reported lymphangiosarcoma in 12 domestic shorthair cats, and 4 of them had distant metastases to the lung, spleen and liver. However, the histopathological and immunohistochemical features of the tumors were not described in detail. In the present case, tumor recurrence was observed 2 months after limb amputation. Recurrence was histologically observed in the skin of the ventral abdomen and right hindlimb, lung, cranial mediastinal lymph nodes, diaphragm, omentum and mesentery, but not in the liver or spleen. The pathological features of the metastatic lesions were similar to those of the primary lesion, suggesting lymphangiosarcoma. In general, most cases of feline lymphangiosarcoma are described in aging cats. However, few studies as well as the present case have demonstrated lymphangiosarcoma in young and middle aged cats [12, 20] . In our knowledge, the present case represents the first report of lymphangiosarcoma in a Japanese domestic cat.
